We continue the study of the first sample of shear-selected clusters (Wittman et al. 2006 ) from the initial 8.6 square degrees of the Deep Lens Survey (DLS, Wittman et al. 2002); a sample with welldefined selection criteria corresponding to the highest ranked shear peaks in the survey area. We aim to characterize the weak lensing selection by examining the sample's X-ray properties. There are multiple X-ray clusters associated with nearly all the shear peaks: 14 X-ray clusters corresponding to seven DLS shear peaks. An additional three X-ray clusters cannot be definitively associated with shear peaks, mainly due to large positional offsets between the X-ray centroid and the shear peak. Here we report on the XMM-Newton properties of the 17 X-ray clusters. The X-ray clusters display a wide range of luminosities and temperatures; the L X − T X relation we determine for the shear-associated X-ray clusters is consistent with X-ray cluster samples selected without regard to dynamical state, while it is inconsistent with self-similarity. For a subset of the sample, we measure X-ray masses using temperature as a proxy, and compare to weak lensing masses determined by the DLS team (Abate et al. 2009; Wittman et al. 2014) . The resulting mass comparison is consistent with equality. The X-ray and weak lensing masses show considerable intrinsic scatter (∼ 48%), which is consistent with X-ray selected samples when their X-ray and weak lensing masses are independently determined.
INTRODUCTION
Clusters of galaxies are a sensitive probe of cosmology (e.g., Allen et al. 2001) . They have been widely observed through the baryonic signatures of their galaxies or intracluster gas. The cosmologically relevant quantity, cluster mass, is dominated by a non-baryonic component, dark matter, at a ratio of approximately 5 :1. The total cluster mass, when inferred from baryonic components, is limited in accuracy by required assumptions (e.g., hydrostatic equilibrium for the gas and virial equilibrium for the galaxy velocity distribution). Typically, small, wellstudied cluster samples are used to calibrate scaling laws for the total mass and specific mass observables (e.g., gas temperature, velocity dispersion) that can then be applied to less well-studied systems. Total cluster mass can also be measured using the statistical distortion of background galaxies by gravitational lensing (weak lensing), which is directly sensitive to the mass without a dependence on the properties of the baryonic cluster components. Understanding the relationship between multiple mass proxies to arrive at a better estimate for cluster mass is required in order to use clusters to constrain the growth of structure in the Universe.
The power of finding clusters directly through the fundamental cosmological quantity, the cluster mass, was recognized by early weak lensing studies (Tyson et al. 1990; Kaiser 1992) . Weak lensing selects solely on the projected mass along a line of sight and is largely independent of physical processes that can affect our observations of the baryonic components (e.g., mergers). A large number of individual clusters have been studied in shear, but there have been fewer studies of shearselected clusters (Wittman et al. 2006; Miyazaki et al. 2007; Gavazzi & Soucail 2007; Schirmer et al. 2007; Miyazaki et al. 2015) . The first set of clusters selected in shear was published by Wittman et al. (2006) from the Deep Lens Survey (hereafter DLS; Wittman et al. 2002) .
Although there have been numerous weak lensing follow-up studies of X-ray or optically selected samples, follow-up efforts that focus on characterizing the properties of weak lensing selected clusters are few in the literature (e.g., Giles et al. 2015, 9 clusters) . Our work with the DLS falls in this latter camp.
We continue the study of the shear-selected clusters discovered in Wittman et al. (2006) . These are 7 of the 8 highest ranked shear peaks in the first 8.6 deg 2 of the 20 deg 2 DLS. The top ranked shear peak among them corresponds to the previously known complex of clusters associated with Abell 781. This complex has been previously studied in detail, both in X-rays and in weak lensing with emphasis on mass comparison (Sehgal et al. 2008; Wittman et al. 2014 ). The fifth ranked shear peak was deemed to be a line of sight projection, while the remaining 6 have all been confirmed as clusters. The majority of the shear peaks show multiple X-ray and optical (in the DLS) counterparts (Wittman et al. 2006) .
The initial follow-up to confirm the shear peaks as clusters was conducted by Wittman et al. (2006) , using low exposure Chandra imaging. We have since been awarded XMM-Newton data, with which we can learn more by examining the sample in some of the best studied (and low scatter) X-ray properties: L X , the X-ray luminosity, and T X , the X-ray temperature (e.g., Vikhlinin et al. 2009; Pratt et al. 2009; Mantz et al. 2010) . We can examine them as mass proxies (Ettori 2013 ) and study their behavior along X-ray scaling laws (e.g., Pratt et al. 2009; Maughan et al. 2012; Mahdavi et al. 2013) , which are typically low in scatter and drawn from self-generated properties.
In this study we determine X-ray temperatures, luminosities, and masses. Our sample covers the same survey area as Wittman et al. (2006) , hereafter W06, but goes further into the distribution of shear, adding three more peaks. Some of the DLS fields in our study (in particular F2) have previously been examined, in part or in entirety, by other studies (Kubo et al. 2009; Utsumi et al. 2014; Miyazaki et al. 2015; Geller et al. 2010; Starikova et al. 2014; Ascaso et al. 2014) ; we discuss them in the context of our own work in section §2.2 below. Our study includes DLS fields F2-F5, encompassing a larger survey area than these other studies. We focus on the X-ray properties of the sample, showing the L X − T X relation for the first time and comparing it to X-ray selected cluster samples. We obtain X-ray mass estimates using tem- Note-Column (1) gives the DLS candidate number from W06, or designations beginning with the letter B that we assign here to the beyond subset. 'Duration' reports the total telescope on-time. 'Exposure' shows the total exposure after background flare filtering. ' MOS ' gives the average value from the two mos cameras. An (a) indicates the observation is analyzed in Sehgal et al. (2008) . A (b) indicates there is no corresponding XMM-Newton data; initial Chandra follow-up (W06) found no X-ray counterpart to peak 5, and found very low signal-to-noise X-rays corresponding to shear peaks 3 and 6.
perature as a proxy which we compare to weak lensing masses determined by the DLS team (Abate et al. 2009; Wittman et al. 2014 ).
This paper is organized as follows. The X-ray data, its analysis and the cluster properties are discussed in section 2. The luminosity-temperature relation is presented in §2.5. The X-ray mass estimates and comparison to weak lensing are discussed in section 3. We conclude with a summary in §4. Throughout this paper we use H 0 = 70 km s
, Ω Λ = 0.7 and Ω m,0 = 0.3, E(z) = (Ω m,0 (1 + z) 3 + Ω Λ ), and report all uncertainties at the 1σ confidence level.
THE SAMPLE, X-RAY DATA, & ANALYSIS
The DLS is described in more detail in W06. Briefly, it is a 20 deg 2 BV Rz ′ survey that is 50% complete at R = 25.8 (Vega), its deepest band. This places it intermediate to the CFHTLS-Wide 6 and CFHTLS-Deep 6 surveys in terms of both area and depth. Imaging in the R band was done during periods of good seeing (FWHM ≤ 0.9 ′′ ), in an attempt to provide uniform good seeing in one band. The FWHM of the point-spread-function (PSF) on the R band stacked images is 0.90 ′′ or better over most of the area, but ranges from 0.76 ′′ to 1.11 ′′ . In the other bands, the FWHM of the stacked-image PSF ranges from 0.9 ′′ to 1.2 ′′ . The R band was used for source detection and shape measurement, and the other bands were used for photometric redshifts. At the time of the shear selection performed by W06, however, only 8.6 deg 2 of R band imaging were available, with even less coverage in the other filters. W06 therefore used an R band source selection (23 < R < 25) over 8.6 deg 2 . They measured source shapes using adaptive second moments (Bernstein & Jarvis 2002) , and convolved the shear field with a Fischer & Tyson (1997) kernel (inner cutoff 4.25 ′ , outer cutoff 50 ′ ) to obtain convergence maps. The candidates were selected by their shear ranking and to be withing 5 ′ of the survey edge. The detection significance of the lowest ranked shear peaks is 3.7σ (see W06, and references within).
Our shear-selected sample comes from the XMMNewton follow-up of DLS shear peaks. We discuss the X-ray observations of eight shear peaks in total. Five of them are highly ranked in shear and corresponded to X-ray clusters that had enough signal-to-noise in early Chandra follow-up (W06) to be awarded deep XMMNewton observations to determine X-ray properties. We add three more DLS shear peaks that go lower into the distribution of shear than went the 2006 publication; these were awarded shallower XMM-Newton observations to confirm as clusters. The XMM-Newton observations (PI: J. P. Hughes) are listed in Table 1 with their observation identifiers (obsIDs) and exposures. Our follow-up naturally divides here into two subsets, as the five shear peaks from the 2006 paper, hereafter referred to as the original subset, are observed at greater depth in the X-ray ( t exp = 22ks) than the remaining three ( t exp = 10ks), hereafter called the beyond subset. For these two subsets we determine the X-ray properties, and for the beyond subset, we additionally report the association of the X-ray clusters to the shear peaks.
Nearly every shear peak has associated with it more than one X-ray cluster, a likely consequence of the high degree of smoothing in the DLS shear maps. Some of the clusters that are farther from the shear peaks are detected at lower significance in the X-ray and so we cannot determine the full set of X-ray properties for all of them. For clarity, we include a diagram in Figure 1 which shows how the X-ray clusters belonging to the original and beyond subsets subdivide according to the properties we are able to determine for them. Also referenced, in the diagram, are serendipitous X-ray clusters that we find in the observations; these are clusters that could not be confidently associated to the shear peaks. We describe, next, our identification and detection of the Xray clusters, beginning with the imaging required to do so. Table 2 . A09 in the yellow branch refers to Abate et al. (2009) † See caption in Table 1 .
Imaging
We generated images in the soft 0.5-2.0 keV band using XMM-Newton data products available through the XMM-Newton Pipeline Processing System (XMM−PPS ). In particular, we co-added the 0.5-1.0 keV and 1.0-2.0 keV band images, background maps, and exposure maps respectively, and from all three cameras to create a single background-subtracted, exposurecorrected image per observation. When relevant, we coadded our 0.5-2.0 keV images from multiple observations (obsIDs) resulting in one soft-band X-ray image per DLS shear peak. X-ray counterparts were identified on these images, and they were also used to specify regions for spectral extraction. These processing steps are described in the following sections.
Source Detection
We recover XMM-Newton emission from nearly all of the X-ray clusters that were identified in W06 and were associated to the DLS shear peaks. See Table 2 for a list. Two of these could not be included in our analysis due to contamination of their X-ray signal. The central counterpart to DLSCL 0916.3+2931, CXOU J091554+293316, is heavily confused with a known point source (in the wings of the XMM-Newton point-spread-function, see Figure 2 ). The emission of the subcluster of Abell 781 (CXOU J092011+302954, W06; Sehgal et al. 2008) , is confused with the main cluster's emission with which it is likely merging. Excluding these two, the detection properties of the remaining recovered sources are given Note-The beyond subset parenthetical labels are referenced in §2.2. A (n/a) placed where no physical radius can be determined due to lack of redshift. Column (7) marks the X-ray clusters that can be confidently associated to DLS shear peaks ( §2.2). Column (8) marks clusters with sufficient statistics to constrain LX or TX (see Table 3 and §2.4). Column (9) marks the clusters included in the LX − TX fit. Column (10) marks the clusters for which an X-ray mass could be determined ( §3.1). Column (11) marks the clusters with both X-ray and weak lensing masses ( §3.2).
(a) This shear peak is coincident with Abell 781, which W06 showed to be a complex of resolved individual clusters.
(b) Subcluster of the main cluster of Abell 781 (Sehgal et al. 2008) ; emission is confused with the main component.
(c) Central of three X-ray counterparts to DLSCL J0916.0+2931; emission is heavily confused with a known point source.
(d) Not included in fit because TX could not be constrained (see Table 3 ).
in Table 2 , several of which are imaged in Figure 2 . For the three beyond subset shear peaks, we identify potential X-ray counterparts by using the XMM−PPS. On the raw data with updated calibration, we re-run the XMM-Newton pipeline which performs its own wavelet decomposition-based source detection. The resulting source list is a combined list from source detection performed in multiple bands (soft, and hard) from each camera. We verify the extended sources from this list by eye on our soft band images and list them in Table 2 as potential counterparts along with their detection properties.
In the rest of this section we discuss the association of these potential X-ray counterparts to the beyond subset shear peaks, referencing any available optical information (from the DLS, or elsewhere). The shear peaks in this subset were identified in early work with the DLS (around 2002) and we targeted them for XMM-Newton observation; however, they did not make the cut for inclusion in W06. The most significant X-ray detection in the beyond subset is associated with DLSCL J1048.5-0411, which is previously unpublished; we discuss its association in the next paragraph. The remaining two beyond subset shear peaks have appeared previously in the literature: they are located in DLS field F2, which has been repeatedly studied with new observations in different wave-bands and new weak lensing analyses. We include these in the context of associating the shear to the X-rays further below.
Near shear peak DLSCL J1048.5-0411 of the beyond subset, there are two extended X-ray sources detected at high significance, located ∼ 3.5 ′ (B9a) and ∼ 7 ′ (B9b) away toward the southwest of the DLS position (see the DLSCL J1048.5−0411 panel of Fig. 2 ). The emission of the former (nearby) X-ray source lies in an extended high shear region which supports their likely association despite the large offset between the peaks. Visual inspection of the DLS data reveals an optical cluster with a brightest cluster galaxy (BCG) that is well centered on the X-ray peak. We obtained redshifts of galaxies near this BCG as part of the campaign described in W06. We observed the cluster with the Low-Resolution Imaging Spectrograph (Oke et al. 1995) on the Keck I telescope in April of 2005 and obtained secure redshifts of sixteen galaxies. We found eleven galaxies to be likely members, with a mean redshift of 0.2463 ± 0.0006. The X-ray emission of this nearby source fits well to a model of thermal cluster emission at this redshift (see Table 3 ).
For the second X-ray source, ∼ 7 ′ from the shear peak, the optical association in the DLS is less clear. A bright, extended, elliptical galaxy rests close to the X-ray posi- Dec (J2000) RA ( Figure 2: XMM-Newton images of significant X-ray clusters (labeled within each panel) associated with DLS shear peaks (labels above each panel). Panels within a framing box show clusters associated with a single shear peak. Contour levels were chosen to be at or greater than 1.5 x background level, with an even spacing chosen to show between 3-5 contours per cluster. The top panel shows the clusters in shear peak #1, the middle row shows shear peaks #2 (left and middle) and #4 (right), and the bottom row shows shear peak #7. In the bottom left panel for cluster CXOU J091551+293637, the prominent object in the bottom of the panel is the point source that confuses emission of the central counterpart to DLSCL J0916.0+2931. This figure continues on the next page.
tion, and is a good candidate for the BCG. The X-rays fit well to the emission model of a cluster at the photometric redshift of this galaxy, z ph = 0.3. There are few associated galaxies however, and so without more members, spectroscopy would be required to confidently associate this X-ray cluster with either its neighboring cluster (the nearby cluster above). So we do not confidently associate this cluster with the shear peak.
The remaining beyond subset shear peaks have been previously reported in the literature as weak lensing detections. DLSCL J0921.4+3013 was reported at a significance of 5.4 in the weak lensing reconstruction of DLS field F2 performed by Kubo et al. (2009 + Figure 2 : (Continued) The top row of panels shows the clusters in shear peak #8 and the bottom row shows shear peaks #B9 (left) and #B11 (right). The "plus" sign in each of the bottom panels indicates the location of the shear peak. The cluster in the lower-right portion of the B9 panel cannot be confidently associated with the shear peak, but is labeled here for clarity and cross-referencing with Table 2 and the discussion in section 2.2. Chandra imaging (not shown) indicates the presence of a point source near the center of cluster CXOU J105510-050414 (top right panel). A point source to the west of center is apparent in cluster XMMU J091607+302724 (bottom right panel).
finds three extended X-ray sources in this vicinity: two toward the north (B10a and B10b, Table 2 ) and one toward the south (B10c, Table 2 ). The southern X-ray source, XMMU J092102+300530, is approximately ∼ 8 ′ to the southeast of the DLS position and has no other weak lensing peak nearby. Thus, we cannot associate this X-ray source to a DLS shear peak. There is no corresponding cluster in the optical cluster catalog from the DLS (Ascaso et al. 2014) due to their bright star mask; however, visual inspection of the DLS images shows clear evidence for an optical cluster beyond the offending star. We estimate a photometric redshift (z = 0.53) from the galaxies in the cluster outskirts. The X-rays also fit nicely to a thermal cluster emission model at this redshift (see entry in Table 3 ).
The two northern X-ray detections, B10a and B10b, lie closer to the DLS position (∼ 3.5 ′ away). They are small, 1 ′ sized clumps, which overlie a much broader region of red galaxies in the DLS at similar redshifts (z ∼ 0.6). Ascaso et al. (2014) report an optical cluster between the X-ray clumps at a redshift between 0.54 < z < 0.6. The X-ray clumps do not have well defined peaks or shapes, and are difficult to associate with the galaxies as independent clusters or as a single cluster with poor X-ray emission. We find these data to be consistent with the interpretation presented in Starikova et al. (2014) as a superposition of low mass systems which they suggest after comparing their own X-ray analysis to groups identified in the SHELS (Smithsonian HEctoscopic Lensing Survey: Geller et al. 2010) . Furthermore, the detection significance for the X-ray sources (XMMU J092124+301324 and XMMU J092118+301156) measured within regions sized by eye to maximize the extracted flux (for numerical values see Table 2 ), is low and so we do no further spectral analyses on them. Because these two are too faint, and the southern cluster (B10c) is too far away, we cannot report properties of associated X-ray clusters for DLSCL J0921.4+3013.
The third shear peak in the beyond subset, DLSCL J0916.3+3025, was not found in the weak lens- Geller et al. (2014) . ‡ Italics denote clusters that are not used for the LX -TX relation for the reasons given by the following footnotes.
∆ X-ray cluster not confidently associated to shear peak. † Temperature fixed at nominal value; data could not constrain.
ing analysis of Kubo et al. (2009) . More recently, two weak lensing detections near this position have been reported. Utsumi et al. (2014) , in their analysis of a Subaru Suprime camera observation of a part of the DLS field F2, and Miyazaki et al. (2015) , in their weak lensing analysis of a Subaru Hyper Suprime-Cam (HSC) observation covering all of the same DLS field, both find weak lensing detections that are within ∼ 1 ′ (but on opposite sides) of the corresponding X-ray source position (of B11). A nearby optical cluster (z ∼ 0.54, Ascaso et al. 2014 ) is found to be approximately ∼ 1.5 ′ away from the X-ray source and possibly consistent with the Miyazaki et al. (2015) weak lensing peak. We make a plausible association between the X-ray source and the Miyazaki/Utsumi detections. The X-rays are faint and do fit to a thermal cluster emission model, but with the temperature fixed at a nominal value (Table 3) . We describe next our steps to extract spectra and fit them to measure luminosities and temperatures.
Extracting Spectra
We generated X-ray spectra from newly calibrated event-lists; these are among the outputs of the XMM-PPS run performed above ( §2.2), on the raw data with updated calibration files. We use the XMM-Newton Science Analysis System (XMM-SAS ) software package (version 11.0) to run this pipeline and to process this data further. The newly calibrated event-lists from each camera were filtered in time to remove periods of highly flaring soft proton background. The resulting exposures are listed in Table 1 . Spectra and other products necessary for spectral fitting were generated with these flarefiltered data.
Spectra were extracted from within regions that we defined on our soft-band images. These same regions were also used to determine the detection properties and are listed alongside in Table 2 . We began the region selection by drawing contours on our 0.5 − 2.0 keV images, at levels of count rate per pixel that are 1.5 times the background level and higher. The outermost contour guided our initial choice of either circular or elliptical source region, which was placed to just surround the contour. We adjusted the size of this region by 5 or 10 percent iteratively until the luminosity measured from within converged. In this way, we were sure to have collected all of the cluster emission with minimal contamination from the unresolved X-ray background. Resolved background sources, found either by XMM-PPS or present obviously in available Chandra images, were excluded. Background regions were placed as annuli around source regions, and also excluded any XMM-PPS detected point sources or neighboring cluster regions.
Spectra and other data products used in fitting (arfs and rmfs) were generated with the standard binnings, event filters, and other recommended parameters suggested by the XMM-Newton team for analyzing extended X-ray sources. Among these recommendations, we chose to weight the response files by the cluster images to better account for brightness variations.
X-ray Temperature & Luminosity
X-ray spectra from regions described above ( §2.3) were fit in XSPEC to a product of the MeKaL model (Mewe et al. 1985 (Mewe et al. , 1986 Kaastra 1992 ) and the phabs model. The MeKaL model describes a thermal plasma with ionized atomic components, with model parameters describing gas temperature, abundance, redshift, and the emission measure (proportional to the fit normalization). The phabs model describes galactic photoelectric absorption and depends only on one parameter, the absorbing column density.
We generally let temperature and normalization vary, and fixed all remaining parameters. We fixed abundance to 0.3 [Z ⊙ ] except when data quality could support a constraint. The redshift was set to the spectroscopic value determined by the DLS (W06) or other follow up work (indicated in Table 3 ). If the data were too poor to constrain both temperature and normalization, we fixed the temperature to a reasonable value (see Table 3 ). In all cases, the column density for the phabs model was fixed to the galactic neutral hydrogen column densities measured by the Leiden/Argentine/Bonn (LAB) survey (Kalberla et al. 2005 ) at the cluster position.
All spectra of each cluster, one from each of the three cameras, were simultaneously fit to one function in XSPEC. Uncertainties due to poor subtraction of telescopic fluorescence lines were addressed independently for PN and MOS by excluding the affected channels. Background scaling was adjusted by examining the high energy [10 keV−12 keV] counts (Vikhlinin et al. 2009) where no source emission is expected. High energy channels, where emission from a given cluster was negligible, were excluded from the spectral fit.
The resulting temperatures and bolometric luminosities from these fits, for 14 X-ray clusters associated with DLS shear peaks, and three serendipitous X-ray clusters, are shown in Table 3 , along with the corresponding model parameters. Temperatures and luminosities are also plotted in Figure 3 , where the luminosities corrected for expansion (i.e., ×E(z) −1 ). Previously determined properties for clusters that overlap with other studies (e.g., Sehgal et al. 2008; Starikova et al. 2014 ) are consistent with the values we determine within errors. The ranges of these properties are broad, spanning over four orders of magnitude in luminosity and a factor of six in temperature.
The luminosity range includes the order of the brightest known clusters (10 45 erg s −1 ), as well as that of small groups (10 41 − 10 42 erg s −1 ). The temperature range does not reach very high, but includes the average hot cluster ( 5 keV) as well as many low grouplike values (∼ 1keV). Morphology is difficult to quantify for the whole sample due to some clusters with poor statistics, but a visual examination of the sample (see Fig. 2 ) reveals a full range from smooth and highly centrally peaked to generally disturbed and lumpy. The disturbed morphology seems to be associated with both interacting systems (see §3.1), and isolated ones. To understand these sample properties in the context of other well-understood X-ray clusters we make a comparison of the luminosities and temperatures as well as of the L X − T X relation to X-ray selected samples from the literature.
We choose literary comparison samples that are selected in the X-ray, and that have luminosities and temperatures determined without excising cores, as we do.
Two such samples, with comparable redshift, temperature and luminosity ranges, are presented by Maughan et al. (2012) , and Hilton et al. (2012) , hereafter called M12 and H12. We find that the general distribution of cluster morphology is also consistent with those of the M12 and H12 samples. We discuss our L X − T X relation, and its comparison to the relations derived in H12 and M12 samples next.
L X − T X relation
The luminosity-temperature relation of typical X-ray clusters is a tight correlation, born out of the cluster growth process (e.g., Kaiser 1986; Vikhlinin et al. 2009 ). Historically, it has distinguished samples that deviate from self-similarity (e.g., Markevitch 1998; Arnaud & Evrard 1999) . More recent studies have shown the slope of this relation to vary with measures of dynamical activity in clusters (M12; Mahdavi et al. 2013) . Clusters selected without regard to dynamical state tend to show higher slopes (> 3) (e.g., Mantz et al. 2010; Hilton et al. 2012) , as also do smaller galaxy groups (e.g., Sun et al. 2009 ). On the other hand, carefully selected samples of relaxed clusters, with core-removed temperatures (e.g., M12), produce L X − T X relations closer to the expected self-similar relation (L ∼ T 2 ). Selection effects also affect the slope, such as e.g., Malmquist bias, which tends to lower the slope. We determine the luminosity-temperature relation of our shear-selected sample to see how the clusters scatter around the best fit relation, and to compare its best fit relation to X-ray selected cluster samples.
The mathematical form of the relation to which we fit our L X , T X data is,
The data were fit by performing a linear regression on the logarithm of the luminosities and temperatures. We use the orthogonal BCES method (Akritas & Bershady 1996) for the regression, after symmetrizing our errors in temperature by averaging the absolute value of the errors in each direction. We choose the BCES method because so do the studies to which we compare our resulting luminosity-temperature relation. Our best fit is shown in Figure 3 by the solid line; it has a log space slope of α = 2.93 ± 0.15 and an intercept of log(L 0 /1 erg s −1 ) = 44.69 ± 0.08. X-ray clusters that could not be associated with shear peaks (noted in Table 3) were not included in the fit, but are shown on the plot as unmarked grey error bars.
First we note that our L X − T X relation is not consistent with the self-similar slope (α = 2). The L X , T X points scatter tightly around the comparison relations as well as the best fit plotted in Figure 3 . The M12 relation (dashed line) is from their full sample of 114 clusters selected without regard to dynamical state. Their slope of α = 3.63 is slightly steeper than ours, although still consistent at <2σ. The H12 relation (dash-triple dotted line) is from their intermediate redshift (0.25 < z < 0.5) sample of 77 clusters also selected without regard to dynamical state; it has a slightly shallower slope than ours at α = 2.82. Both of these relations for X-ray selected samples are consistent with our clusters selected in weak lensing. This result is also consistent with and confirms a similar finding by Giles et al. (2015) , who fit nine shearselected X-ray clusters to an L X − T X relation of similar form and get a slope and normalization α = 2.63 ± 0.69 and log(L 0 /1 erg s −1 ) = 44.44 ± 0.15 (we have converted their normalization to one that would match a pivottemperature of 5 keV).
MASS ESTIMATES & COMPARISON
Along with studying X-ray properties (L X , T X , & M X ) of weak lensing selected clusters, we do a direct comparison of mass estimates between weak lensing and X-ray. For the weak lensing mass estimates, we take the values obtained in Abate et al. (2009) . Our X-ray data are not of sufficient depth to estimate hydrostatic masses, however, they do allow X-ray temperature to be used as a mass proxy for a fraction of the sample. X-ray temperature correlates more tightly with the mass (e.g., Vikhlinin et al. 2009 ), and so we choose this over the luminosity as the proxy. We are unable to determine surface brightness profiles for most of the X-ray clusters so mass proxies such as the gas mass fraction, f g , and the integrated gas mass times the temperature, Y X , cannot be used. Table 4 . The un-labeled diamond point is cluster 1c. Grey points were not included in the fit; these are clusters that we were unable to confidently associate with DLS shear peaks ( §2.2)
X−ray Mass Estimates
We consider two M X − T X relations to start, and proceed with two sets of X-ray mass estimates. One relation is derived from XMM-Newton data by Arnaud et al. (2005) , and the other is derived from Chandra data by Vikhlinin et al. (2009) . Our aim here is to study any variation that may arise in our mass estimates from the choice of M X − T X relation and to compare to published mass estimates when available. The temperature measurement requires that the central core emission be removed, which means that we are able to get mass estimates for only nine X-ray clusters.
Both M X − T X relations use masses within a fixed overdensity of ∆=500 times the critical density, ρ cr = 3H 2 8πG . To obtain our own values of R 500 , we employ an iterative procedure. We start with a temperature from Table 3 , and estimate a mass from the M X − T X relation. This mass then gives an R 500 via, 15R 500 − R 500 respectively. The newly extracted spectrum gives a temperature inside the correct overdensity radius and produces the first estimates of M 500 and R 500 . Uncertainties in these are the result of propagating statistical measurement uncertain- 
· · ·
Note-Superscripts to the left of the X-ray IDs are identifiers given by A09, re-introduced here for easy reference within the mass comparison plot in Fig. 4 . The west label refers to the Abell 781 "west" cluster, using the naming convention from Sehgal et al. (2008) . The ties of the spectral fit parameters as well as the uncertainties in the relation coefficients. We repeat this process until subsequent M 500 and R 500 values converge to within measured uncertainty. Data quality limits our ability to carry out this procedure for all clusters, and in Table 4 we report the masses (determined with the Vikhlinin et al. (2009) relation) for the nine clusters for which this was possible.
Both sets of X-ray masses, from the two different scaling laws, agree well for the majority of the sample, but diverge at high temperatures, where several of the clusters in the Abell 781 complex lie. To discriminate between the diverging estimates, we rely on the hydrostatic mass estimates obtained for Abell 781 by Sehgal et al. (2008) . The hydrostatic analysis is performed on combined Chandra and XMM-Newton data, and so is not expected to favor either scaling law, a priori.
We find that the hydrostatic masses agree with our estimates based on the Vikhlinin et al. (2009) relation. Our measurement uncertainties (Table 4) (Table 1) . Since the rest of our clusters have agreeing mass estimates from the two scaling laws, we report only one set of X-ray masses in Table 4 , determined with the Vikhlinin et al. (2009) relation. Table 4 also lists the new core-excised temperatures along with R 500 and the goodness of fit indicators. Our choice to present masses from the Vikhlinin et al. (2009) relation does not affect any conclusions we draw regarding the X-ray and weak lensing mass comparison. The resulting masses span an order of magnitude in range, with a median value of ∼ 2 × 10 14 M ⊙ .
Weak Lensing Mass Estimates
For all X-ray counterparts of the DLS shear peaks published in 2006, Abate et al. (2009) , hereafter A09, obtained weak lensing mass estimates from the DLS data described in W06. We briefly summarize their key steps here. For each X-ray cluster, A09 fit a mass distribution model based on the NFW mass density profile to its observed two dimensional shear profile. Shear profiles were measured from source galaxy ellipticities, considering their full three dimensional positions (using photometric redshifts). Centers of these profiles were fixed to positions of the X-ray peaks within a Gaussian window of 81 kpc (reported in table 1 of A09). The fits included uncertainties in shape noise, measurement noise, and photometric redshift noise and the final uncertainty on the mass has folded into it systematic uncertainties from effects such as biases in photometric redshift measurement or choice of mass profile center (within the 81 kpc window) that were estimated by modeling.
Where applicable, shear profiles were fit simultaneously for multiple neighboring X-ray clumps, by adding shear linearly. The simultaneous fits account for the influence of neighboring mass concentrations on the shear of a given cluster and are thus believed to be more accurate than fitting each cluster individually. Their resulting masses are integrated out to an overdensity radius of ∆=200 (table 3, A09), which we convert to masses within an overdensity radius of ∆=500 assuming an NFW mass density profile and the observed mass concentration relations in Duffy et al. (2008) . We list these masses in the last column of Table 4 for the seven clusters we use from A09.
We additionally include one weak lensing mass from Wittman et al. (2014) because it was not in the A09 study. Wittman et al. (2014) fitting multiple shear profiles simultaneously, with centers guided by the X-ray peaks. The mass model is also based on the NFW profile, and their fitting incorporates a similar tomographic weighting to that in A09.
X-ray − Weak Lensing Mass Comparison
We thus have a set of 8 clusters with both X-ray and weak lensing mass estimates for comparison. These eight clusters cover the full ranges of weak lensing masses, Xray temperatures (e.g., T X Table 3 ), and redshifts of the full sample.
We plot the weak lensing and X-ray M 500 values against each other in Figure 4 . The two sets of mass estimates are broadly consistent with each other, scattering on either side of equality. The scatter about equality is large and we identify two outliers based on the M X − M W L fit. We discuss the agreement, both overall and individually, between the weak lensing and X-ray masses in detail below, beginning with some noteworthy cases.
Notes on Individual Comparisons
The only shear peak in our sample (rank 4) which has just one corresponding X-ray cluster, CXOU J105414 − 054849, shows the best agreement in mass. The X-ray and shear-estimated masses for this cluster are in excellent agreement with M Figure 4) . The X-ray mass we obtain for XMMU J091935+303155, the "West" cluster in the Abell 781 complex, does not have a corresponding weak lensing mass in A09. It does however have a weak lensing mass measurement in Wittman et al. (2014) , and we use this value, M W L 500 = 1.8
14 M ⊙ , in the sample mass comparison section below. The mass comparison of this cluster, Abell 781 west, has been the subject of some controversy in the literature. Cook & Dell'Antonio (2012) claimed that the weak lensing signal, based on three independent data sets including the DLS, was remarkably lower than expected based on the Sehgal et al. (2008) X-ray based mass estimate of M X-ray 500 = 2.2 Wittman et al. (2014) then reviewed all available mass estimates including a DLS weak lensing estimate from Sehgal et al. (2008) , a dynamical estimate from Geller et al. (2010) , and their own DLS weak lensing re-analysis and found that all estimates were consistent once uncertainties were properly treated. All estimates fell in the range M 500 = 0.8 − 2.2 × 10 14 M ⊙ , with the dynamical estimate at the low end and the X-ray estimate at the high end, but with no more than 2.2σ tension between them. Miyazaki et al. (2015) found a weak lensing mass favoring the low end of this range, but still with uncertainties too large to rule out the higher values. Our X-ray estimate here of M X-ray 500 = 1.77 ± 0.16 × 10 14 M ⊙ reduces the statistical uncertainties and places the mass in the middle to the upper half of the range seen in the literature. We include this cluster in our mass comparison, using the weak lensing mass determined by Wittman et al. (2014) .
There are outliers in the mass comparison plot of Figure 4 , which should carry a reduced weight in the sample mass comparison discussed below. We demonstrate this here, by addressing them individually. To start, the farthest outlier in the mass plot, marked 7b, does not have a well constrained weak lensing mass. On the other hand, its counterpart CXOU J091601 + 292750, is well supported in the X-ray as a cluster, with a smooth surface distribution of photons, and a good fit to a spectrum at z = 0.53 with T X = 2.09
−.19 keV. Its luminosity and temperature are very close to the L X −T X relation shown in Figure 3 . In the weak lensing analysis, this cluster is not detected significantly; it is the farthest of three clusters associated with this shear peak and was likely picked up due to the degree of smoothing of the shear field.
The second outlier in Figure 4 , marked 2a, rests just outside the sample scatter, with a higher X-ray mass. This cluster, CXOUJ052215−481816, is a bright cluster in the X-ray with robust measurements of luminosity and temperature. Our mass estimates depend on temperature as a proxy and are therefore subject to effects such as merger boosts. This cluster could be interacting with its neighbor, CXOUJ052159−481606, which could give it a boosted temperature, and result in an artificially higher X-ray mass estimate. Simulations (Randall et al. 2002) show that mergers can affect both temperature and luminosity measurements such that this cluster may not appear as an outlier on the L X − T X plot. And in fact, none of the clusters for which we compare masses are outliers on the L X − T X relation in Figure 3 (marked with filled diamonds). Given the intrinsic limitations of determining masses in the two methods seen so far in the individual comparison, the X-ray to weak lensing mass comparison for the sample may not be low scatter. We quantify this in the next section.
Overall Sample Comparison
The eight clusters studied here show overall agreement between the X-ray and weak lensing mass estimates, with considerable scatter. We determine a linear relationship in log-space between the masses using the methods described in Hogg et al. (2010, Eq. 35) . We specifically choose this method, which allows us to estimate the intrinsic scatter of the data about the best fit relation, in order to compare to the scatter determined for other cluster samples. The relationship we fit is of the form:
We convert our statistical uncertainties in mass to logspace and then symmetrize them, taking the average of absolute values. We report parameters obtained both with and without the two statistical outliers in the sample, clusters 2a and 7b. The best fit relation indicates that the X-ray and weak lensing masses are consistent with one another. The slope and intercept of our best fit relation for the case where we exclude outliers are b = 1.26 7 We also calculate scatter using the same 5 X-ray masses de-
We compare these results to the Canadian Cluster Comparison Project (CCCP: Mahdavi et al. 2013 ) who do a comparison of X-ray and weak lensing masses using 50, massive, X-ray-selected clusters obtained from a large sky area. Selection is the fundamental difference between the CCCP and our sample; this could result in systematic differences between the results. weak lensing-selection could be biased from, for example, line of sight mass projections, which could consistently boost the weak lensing masses we use here. The CCCP sample contains many more massive clusters than our sample, with the high end of the CCCP range being twice as massive as our most massive cluster. Our mass range, however, excepting the lowest mass cluster, does fit comfortably within the CCCP range on its lower end. Finally, the CCCP offer multiple mass estimates from X-ray and weak lensing, and we must select values determined compatibly to ours.
Although the published mass comparison by the CCCP is for masses measured inside an overdensity radius determined through weak lensing, they offer an online tool 8 attached to a database which allows us to make a comparison more consistently with what we do. Our X-ray masses are measured within an R 500 estimated with Xrays, and the weak lensing masses are measured within an overdensity radius estimated from weak lensing by profile fitting, which means our two mass estimates are independent. The CCCP online tools offer access to weak lensing masses measured within a weak lensing estimated R 500 , and X-ray masses measured within an X-ray estimated R 500 , which are linked to the fitting algorithm (based on Hogg et al. 2010 ) that they have used in their paper. We find that from all 50 X-ray-selected CCCP clusters with masses measured like ours, the CCCP sample results in an intrinsic scatter of 58% ± 15%, which is fully consistent with the intrinsic scatter of the DLS shear-selected sample. This scatter is significantly larger than the value obtained from masses measured within identical radii: 21% ± 6% (Mahdavi et al. 2013) ; so the choice of overdensity radius is important in estimating the intrinsic scatter.
The slope and intercept of our fitted mass relation is consistent with equality between X-ray and weak lensing masses, a trait that is also exhibited by the CCCP sample (although this sample shows mild, ∼ 1σ, indications of an X-ray underestimate). The large uncertainties on our scaling law relation, however, mean that our mass-mass comparision is also compatible with a broad range of possible biases: for X-ray hydrostatic termined using the Arnaud et al. (2005) M X − T X law, and find a similar scatter of 53%, which validates our earlier claim that the choice of M X − T X law does not affect our conclusions. http://sfstar.sfsu.edu/cccp/, (Mahdavi et al. 2013; Hoekstra et al. 2012) bias see, e.g., Vikhlinin et al. (2009) , Mahdavi et al. (2013) , Donahue et al. (2014) , or in the context of clusters selected via the Sunyaev-Zel'dovich effect, see, e.g., von der Linden et al. (2014), Hoekstra et al. (2015) , Battaglia et al. (2016) . Reducing the uncertainty on this comparison will require a much larger sample of shearselected clusters, which will become available with future large area optical sky surveys, and targeted X-ray followup.
SUMMARY
In this paper, we present the X-ray properties and the weak lensing to X-ray mass comparison of the first sample of shear-selected clusters (Wittman et al. 2006 ). We report X-ray properties for 14 X-ray clusters that correspond to seven DLS shear peaks. An eighth DLS shear peak shows evidence for extended X-ray emission but the signal-to-noise for X-ray detection falls below our threshold for confirmation. We additionally report properties of three X-ray clusters discovered in our fields which we cannot confidently associate to shear peaks.
We determine luminosities and temperatures for 17 X-ray clusters, and also determine a luminositytemperature relation from 13 of them with significant values of both L X and T X and that also correspond to the seven DLS shear peaks (Table 3, Figure 3 ). The clusters have widely varying X-ray properties; a factor of 6 in temperature and four orders of magnitude in luminosity. The ranges of redshift and mass of the sample are also substantial ( §2.4). The best fit L X − T X relation is consistent with X-ray cluster samples selected without regard for dynamical state as well as with the weak lensing selected sample of Giles et al. (2015) . Unlike this other weak lensing study, however, we find that the DLS X-ray clusters are inconsistent with a self-similar slope for the L X − T X relation (our slope is 2.93 ± 0.15).
We determine X-ray mass estimates using the Vikhlinin et al. (2009) X-ray mass-temperature relation. Core-excluded temperatures required for this estimate can be constrained for nine of our clusters. Weak lensing mass estimates are available for eight of them, with seven determined by Abate et al. (2009) by fitting mass profiles centered at the X-ray peaks in Chandra data (analyzed in W06). An eighth weak lensing mass is available from Wittman et al. (2014) which we include in our mass comparison. We find overall agreement between the X-ray and weak lensing masses. The sample is characterized by an intrinsic scatter of ∼ 48% with large uncertainty about the best fit mass relation; this is consistent with the Mahdavi et al. (2013) X-ray selected sample whose mass range largely overlaps with our sample.
We summarize some of the issues related to shear selection based on this study and other earlier work on the DLS. A major difference with other selection techniques is the association of multiple X-ray clusters with a single weak lensing shear peak -this complicates the identification of X-ray with shear. We find the shear associated X-ray clusters are not necessarily high mass individuals, and in fact, they cover an order of magnitude range in mass. Our L X − T X relation is consistent with other Xray cluster samples selected without regard to their dynamical activity, but is inconsistent with the self-similar relation. Weak lensing and X-ray masses determined individually for each shear-associated X-ray cluster agree broadly, and exhibit intrinsic scatter that is consistent with X-ray selected samples, as long as the two mass estimates are determined independently from one another.
Currently the number of individual, well studied, Xray clusters from weak lensing selected samples is small, which is a consequence of the lack of large area, deep optical weak lensing surveys. As we approach the era of the Large Synoptic Survey Telescope, this issue will be alleviated.
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